We report on effect of surface morphology on the optical and electrical properties of chemical bath deposited Zinc oxide (ZnO) nanostructures. ZnO nanostructures were deposited on the seeded conducting indium doped tin oxide substrate positioned in three different directions in the growth solution. Field emission scanning electron microscopy was used to evaluate the morphological properties of the synthesized nanostructures and revealed that the positioning of the substrate in the growth solution affects the surface morphology of the nanostructures. The optical absorbance, photoluminescence and Raman spectroscopy of the resulting nanostructures are discussed. The electrical characterization of the Schottky diode such as barrier height, ideality factor, rectification ratios, reverse saturation current and series resistance were found to depend on the nanostructures morphology. In addition, current transport mechanism in the higher forward bias of the Schottky diode was studied and space charge limited current was found to be the dominant transport mechanism in all samples.
Introduction
Zinc oxide (ZnO) is the most successful metal oxide semiconductor in its nanostructure form due to its numerous applications in optoelectronic devices [1, 2] . Many of these potential applications of ZnO are due to the reasons that, it has a wide direct band gap of 3.37 eV and prominent feature of having high excitonic energy of 60 meV. Different morphologies of ZnO nanostructures have been synthesized and used in different applications [3] [4] [5] . It is clear that the morphology of ZnO nanostructures including shape, size, density and orientation plays a crucial role in the performance of devices under investigation. A study by Zhiqiang et al [6] proved that the morphology of the ZnO as a buffer layer plays a critical role in photovoltaic properties of inverted polymer solar cells. Oh et al [7] demonstrated improved photon extraction efficiency as a result different morphologies attained by modulating ZnO using organic acids.
Herein we report the effect of surface morphology on the optical and electrical properties of Schottky diodes based on ZnO nanostructures. The nanostructures were synthesized using a chemical bath deposition (CBD) method without addition of surfactants/catalysts. Three different morphologies were achieved by changing the orientation of the substrates in the growth solution.
Materials and Experimental Procedures
ZnO nanostructures have been synthesized on 2 × 1 cm 2 ITO coated substrates by seed-layer assisted CBD. Prior to deposition, the substrates were cleaned by sonicating in deionized water, acetone, ethanol for 5 min each, and then dried using N2 gas. The detailed procedures for the preparation of the gel, deposition of the seed layer and growth of ZnO nanorods are as described in our previous work [8] . However, in this study the nanostructure growth was achieved by suspending substrates with the seeded surface facing: downward (Sample 1), vertically (Sample 2) and up (Sample 3) as shown in Fig 1 (a) . The beaker with growth solution was placed in a water bath maintained at 90°C for 2 hours and under constant stirring throughout the experiment. The obtained ZnO nanostructures were rinsed with DI water to remove loose particles on the surface and dried using N2 gas and all characterizations were done on the as-synthesized nanostructures (no post-treatment were done). The surface morphology of the as-synthesized samples was studied using field emission scanning electron microscopy (FE -SEM, ZEISS SEM-Microscope Crossbeam540). X-ray diffraction (XRD) was used to determine the crystalline quality of the samples using XPERT-PRO diffractometer in a θ/2θ configuration (PANalytical BV, Netherlands). Optical absorbance of the nanostructures was measured using a Varian Cary 100 UV-Vis Spectrophotometer. The baseline correction was performed first by placing two ITO substrates with the coated side facing the light sources. Thereafter the substrate with ZnO nanostructures facing the light source was placed firmly in one of the sample holders (while the other having ITO substrate).
The absorbance measurements were carried out in the wavelength ranging from 200 nm to 800 nm. Room temperature (RT) photoluminescence (PL) measurements were done using a
Varian Cary Eclipse EL04103870 fluorescence spectrophotometer at an excitation wavelength of 325 nm. Raman studies were performed using Raman spectrometer Jobin Yvon, Horiba (C) TX64000. Resistive evaporation unit was then used to deposit 1000 Å gold (Au) metal at a pressure of 4 × 10 -6 mbar using shadow mask to form Au/ZnO/ITO Schottky diodes. In this arrangement, Au was used as Schottky contacts while ohmic contact was achieved using ITO. The current-voltage (I-V) properties of the Schottky diode were measured at RT using HP 4140 B pA Meter DC voltage Source.
Results and discussion

Surface Morphology
The SEM micrographs presented in Fig. 1 
Structural properties
Microstructural analyses of the synthesized nanostructures are as displayed in Fig Table 1 The optical band gaps of the three samples were studied using RT optical absorbance using Tauc equation as reported by [14] . The optical band gap was evaluated from the plot of were in accordance with the crystallite size variation estimated from XRD spectra. This result was in good agreement with the study reported elsewhere [15] that decreased optical band gap was attributed to the changes in surface morphologies and particle sizes. Generally, the optical band gaps of these nanostructures were in good agreement with the values previously reported [16] .
Optical Properties
UV-Vis Absorption
Photoluminescence
The optical properties of the synthesized ZnO nanostructures were further investigated by PL.
ZnO exhibits two kind of emission: the first one is the near band edge (NBE) emission which is due to the recombination of free excitons emission of ZnO [10] . The second comprises one or more visible emission corresponding to deep levels (DL) with peaks ranging from ~400 nm to ~730 nm which are related to various impurities and structural defects (oxygen vacancies and zinc interstitials) [17] . Significant exciton band edge emissions in the ultraviolet (UV) region were observed irrespective of the differences in the surface morphologies of the nanostructures as presented in Fig. 4 . The weak emission peaks observed in the wavelength ranging from 472 nm to 499 nm (as shown in an insert of Fig. 4) corresponds to blue color emission which was reported to originate from zinc interstitials defects in ZnO [18] . 
Raman Studies
Room temperature Raman spectra for the three different morphologies of ZnO nanostructures are displayed in Fig. 5 . Wurzite structure of ZnO can results in twelve phonon branches, nine optical and three acoustic, as described elsewhere [19] . The E2(high) mode is related to the oxygen atoms and E2(low) mode is associated to the vibration of heavy zinc sub lattices. The synthesized nanostructures were all crystalline as indicated by sharp E2(high) phonon peak which is the significant feature for the wurtzite lattice structure of hexagonal ZnO. However, the intensities of E2(low) and E2(high) peaks of Sample 1 displays the highest intensities as compared to Sample 2 and 3 indicating high degree of crystallinity of the well-aligned nanorods. This agrees well with the XRD results presented in Section 3.2. E1(LO) peak were previously reported as due to defects present in ZnO due to doping and/or other post treatment of the sample [20, 21] . In the present study, we eliminate the idea that the peak at 582 cm -1 was due to these defects which concurs with results reported for both undoped and doped ZnO nanorods [22] . However, further systematic studies on Raman defects related peaks by using are needed for as-synthesized CBD ZnO nanostructures. Another important feature is the shift to higher frequencies in the E2(low),
E2(high) and E2(high) -E2(low) Raman peaks of the rod-like (Sample 2) and agglomerated nanoparticles (Sample 3)
. The shift could be due to spatial confinement, phonon localization and defects which are more pronounced for chemically synthesized nanostructures [23] .
Electrical Characterization
The effect of morphologies on the electrical properties was comparatively studied. . The low values of rectification ratio obtained could be attributed to the fact that the metal contacts were evaporated on the surface of ZnO nanostructures without cleaning. According to Mtangi et al [24] , good rectifying ZnO Schottky diodes have been difficult to achieve due the difficulties in obtaining a clean surface. However, higher rectification ratio has been obtained with vertically aligned nanorods compared to the other two structures. This agrees well with literature that highly oriented nanostructures demonstrates good performance [25] . Values of the Schottky barrier height B0, ideality factor n, series resistance RS and reverse saturation current I0 of the three structures were calculated from the I-V measurement based on standard Thermionic emission theory of the Schottky diode as described by Sze [26] and presented in Table 2 . From the table, n values decreased from 1.96 to 1.73 and 1.57 whereas B0 increased from 0.81 to 0.90 eV and 0.93 eV, for Sample 1 to Sample 2 and Sample 3, respectively. All samples present n greater than 1 indicating the non-ideal behavior of the fabricated Schottky diodes and could be attributed to among others, inhomogeneities of the top surface of the nanostructures (as seen in Fig. 1 b -d (image-force-induced lowering) and dark regions that do not contribute to the current transport over the Schottky barrier [27, 28] . The observed large series resistance for Sample 2
and Sample 3 as listed in the Table 2 agrees well with the semi-log plot of Fig. 7 where a considerable deviation from linearity is more pronounced indicating increased series resistance. In the present study, I-V parameters were largely affected by the surface morphologies of the nanostructures. As observed Sample 1 demonstrated good electrical properties (lowest RS, highest rectification ratio and good B0, close to theoretical value) compared to Sample 2 and Sample 3. This is because vertically aligned nanorods (Sample 1), gave an advantage of higher vertical conduction as they use one dimensional transport in a direction perpendicular to the conducting substrate, which was difficult to achieve for nanorods lying horizontally and the densely agglomerated nanoparticles. It was also reported that Schottky diodes based on ZnO nanostructures/thin films synthesized using chemical methods in air can induce interfacial dielectric layers that significantly alter Schottky barrier heights and strongly affect the current of the diode [27] . Moreover, Aydoǧan et al [29] , reported that large values of B0 may be attributed to the electronic states that may cause a reduction or increase in the metal work function at the interface resulting in an increase or decrease in the barrier height.
The transport mechanisms in our fabricated diodes were studied by using double -logarithmic where I is the current, k is a constant, V is the voltage and m is a constant describing charge transport mechanism which is equal to the slope of the log I-log V graph. As seen in Fig. 7 [30] . However, we see that the slopes at region 2 for all samples were slightly reduced as compared to those of region 1. This could be due to the fact that device is approaching the so called trap-filled limit as described elsewhere [29, 31, 32] . 
Conclusion
ZnO nanostructures were successfully synthesized using surfactant and catalyst free CBD methods. The FESEM images revealed three different morphologies of nanostructures: 1) vertically aligned hexagonal nanorods having flat tops, 2) narrower nanorods lying parallel to the substrate, and 3) randomly oriented agglomerated nanoparticles and these resulted when the seeded substrate was placed facing down, vertically and up in the beaker, respectively.
The optical absorption band edge was blue shifted as compared to the bulk and optical band gap energy increased both for Sample 1 and Sample 2 increased while for Sample 3 this decreased. Raman studies show sharp and strong E2(high) phonon peak which is a significant feature for the wurtzite lattice structure of hexagonal ZnO. 
